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Statement  of  the  Problem 

The  goal  of  this  research  program  has  been  to  establish  strategies  for  producing  protein-based 
materials  that  contain  amino  acids  not  normally  found  in  natural  proteins.  Efforts  have  been 
focused  on  amino  acids  with  fluorinated,  electroactive,  or  conformationally  constrained  side 
chains,  and  have  allowed  us  to  prepare  protein-based  polymers  with  unique  properties,  including 
low  surface  energies  and  sensitivity  to  electrochemical  signals.  These  developments  have  expanded 
in  a  substantial  way  the  range  of  materials  properties  accessible  via  chemical  or  biological 
synthesis  of  polypeptides  and  artificial  proteins. 


Summary  of  Results 

Previous  progress  reports  have  discussed  our  results  on  J^^fluorophenylalanine',  trifluoroleucine^, 
azetidine-2-carboxylic  acid^,  thiaproline,  dehydroproline'^,  and  3-thienylalanine^.  All  of  these 
amino  acid  analogues  have  been  successfully  incorporated  into  artificial  proteins  expressed  in 
bacterial  hosts,  via  routes  that  exploit  the  promiscuity  of  the  normal  protein  synthetic  apparatus 
of  the  bacterial  cell.  During  the  most  recent  funding  period,  primary  attention  has  been  given  to 
two  new  directions  that  are  complementary  to  the  first:  i).  chemical  synthesis  and  structural 
analysis  of  poly(a,L-glutamate)s  with  long  fluoroalkyl  side  chains,  and  ii).  development  of  new 
methods  for  site-directed  incorporation  of  non-natural  amino  acids  in  Escherichia  coli. 

Poly(a,L-glutamate)s  with  Jlmroallyl  side  chains.  Fluorinated  polymers  exhibit  special  properties, 
including  stability  at  high  temperatures,  toughness  and  flexibility  at  very  low  temperatures, 
nonadhesiveness,  insolubility,  chemical  inertness,  and,  in  some  cases,  biocompatibility. 
Incorporation  of  fluorinated  amino  acids  has  been  proposed  as  a  means  to  impart  some  of  these 
properties  to  polypeptides.  In  work  reported  earlier  this  year  in  Macromolecules^ ,  poly(a,L- 
glutamate)s  carrying  Cg,  C,(,,  Cjj  fluorinated  side  chains  were  synthesized  by  polymerization  of  the 
corresponding  amino  acid  N-carboxyanhydrides.  Contact  angle  measurements  with  water  were 
used  to  assess  the  effects  of  fluorination  on  the  surface  energies  of  films  of  the  resulting 
polypeptides.  The  wettability  of  the  polymers  was  found  to  decrease  with  increasing  fluorine 
content,  as  expected.  A  remarkably  high  contact  angle  (121°)  was  measured  for  the  homopolymer 
carrying  0,2  fluorinated  side  chains,  indicating  a  surface  consisting  of  closely  packed 
trifluoromethyl  groups.  Side  chain  crystallization,  consistent  with  the  formation  of  such  a  surface, 
was  suggested  by  the  results  of  x-ray  diffraction  and  calorimetric  measurements. 

Site-directed  incorporation  of  non-natural  amino  acids  in  E.coli.  In  this  phase  of  our  program  we  are 
developing  E.  coli  expression  strains  for  the  site-directed  incorporation  of  non-natural  amino  acids. 
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Our  approach  entails  encoding  the  position  of  the  non-natural  amino  acid  in  the  gene  of  choice  by 
the  “blank”  amber  stop  codon  (TAG);  this  stop  codon  is  deciphered  in  translation  by  a  yeast 
amber  suppressor  tRNA,  which  in  turn  is  charged  by  its  co-expressed  cognate  yeast  tRNA 
synthetase  (a  so-called  21*'  pair)  with  an  analogue  provided  in  the  growth  medium.  The  long-term 
goal  of  this  work  is  the  creation  of  mutant  yeast  tRNA  synthetases  which  can  charge  useful  non¬ 
natural  amino  acids  with  high  specificity  to  their  cognate  suppressor  tRNAs.  So  far,  we  have 
identified  the  yeast  seryl-tRNA  synthetase  (SRS)  and  the  tRNA^ber  a  suitable  21*'  pair  for  our 
purposes.  We  are  currently  identifying  active-site  residues  in  the  yeast  SRS  that  make  essential 
contacts  to  the  serine  substrate  side  chain.  Such  residues  will  be  prime  targets  in  our  effort  to 
change  substrate  specificity  through  protein  engineering. 

Our  shorter  term  goal  is  a  direct  application  of  the  21st  pair  approach,  namely  the  site- 
directed  incorporation  of  p-fluorophenylalanine  (pFPhe)  as  a  useful  ®F-NMR  probe.  The 
analogue  pFPhe  is  a  cytotoxic  substrate  for  E.  coli,  but  a  pFphe  resistant  mutant  strain  isolated  a 
long  time  ago  rejects  this  non-natural  amino  acid,  owing  to  increased  substrate  specificity  of  its 
phenylalanyl-tRNA  synthetase  (FRS).  We  have  equipped  this  resistant  strain  with  a  yeast 
tRNA^^gj.  and  yeast  FRS.  Co-expression  of  this  21st  pair  in  the  absence  of  analogue  results  in 
incorporation  of  about  95  %  Phe  at  the  programmed  position  in  the  marker  protein  dihydrofolate 
reductase  (DHFR),  demonstrating  that  the  yeast  tRNA^^^^j.  is  not  mischarged  by  the  other  host 
synthetases.  Preliminary  data  show  that  when  an  8-fold  excess  of  pFPhe  over  Phe  is  present  in  the 
growth  medium,  the  programmed  position  in  DHFR  now  contains  about  70%  pFPhe  and  about 
30%  Phe  as  determined  by  peptide  sequencing.  Even  though  complete  substitution  of  Phe  by 
pFPhe  cannot  be  achieved  in  this  system  at  this  point,  unlabeled  species  will  be  silent  in  the  NMR 
measurement  and  will  not  complicate  data  aquisition  with  the  labeled  fraction  of  the  sample. 

Future  experiments  are  designed  to  corroborate  the  preliminary  finding,  to  show  that  only  the 
programmed  position  contains  the  analogue,  and  to  increase  the  expression  yield  about  10-fold 
from  the  current  0.8  mg/L  of  culture  at  ODg^o  =  1 .0.  We  also  have  indirect  genetic  evidence  that 
suggests  that  p-chlorophenylalanine  might  be  incorporated  by  the  2 1*'  yeast  pair  as  well. 

Our  current  experiments  are  directed  toward  site-directed  msertion  of  non-natural  amino  acids 
into  proteins.  The  synthetases  and  strategies  developed  here,  however,  can  also  be  used,  with  some 
modification,  for  uniform  labeling  of  protein-based  polymer  materials  with  non-natural  amino 
acids.  We  intend  to  begin  exploration  of  this  possibility  during  the  coming  months,  pending 
continued  ARO  support  of  this  work. 
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